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Qualifying Examination for the Ph.D. in Biomedical Sciences — 
Medical Physics 

 
Theoretical Physics                   September 7, 2016 
 
ANSWER 6 OF THE FOLLOWING 10 QUESTIONS.  IF YOU ANSWER MORE 
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.  
 
 
1. Einstein developed a theory for the photoelectric effect, which Millikan veri-
fied experimentally. 
a) Describe Einstein’s theory. 
b) Describe Millikan’s experiment. 
c) Use the data below to calculate a value for Planck’s constant. Your value may 
not be exactly the same as the modern value because of systematic errors in the 
data. Determine the work function from the data. The magnitude of the electron 
charge is 1.6×10−19  C. 
 
Frequency (x 1012 Hz) Stopping potential (V)  

500    0.125 
550    0.288 
600    0.450 
650    0.613 
700    0.775 

 
 
2. Consider a thin disc electrode, of thickness h and radius R, made from a mate-
rial of conductivity σ. A magnetic field that is uniform and perpendicular to the 
electrode varies sinusoidally, B(t) = Bo sin(2πft). 
a) Determine expressions for the electric field E(r,t) and the current density J(r,t) 
induced in the electrode (assume the skin depth is much larger than R). 
b) Calculate the average power (in watts) dissipated as Joule heat in the elec-
trode. Express your result as a function of R, h, σ, f, and Bo. 
 
 
3. The Maxwell distribution governing the speed of molecules in an ideal gas is 
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a) Calculate the most likely speed (the speed at which D(v) is maximum), vmax. 
b) Calculate the average speed, vaverage. 
c) Calculate the root-mean-square speed, vrms. 
Express all your answers in terms of m, k, and T. 
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4. Consider a heat engine based on the Stirling cycle. 

 
Steps 1-2 and 3-4 are at constant temperature (1-2 at temperature TH, and 3-4 at 
temperature TC), and steps 4-1 and 2-3 are at constant volume (2-3 at volume V2, 
and 4-1 at volume V1).  
a) Determine expressions for the heat and work in each step.  
b) Calculate an expression for the efficiency e of this heat engine as a function of 
TH, TC, V2, V1, the gas constant R, and the specific heat at constant volume CV.  
c) Compare the efficiency to that of a Carnot cycle. 
To keep things simple, assume the engine contains one mole of gas. 
 
 
5.  A uniform smooth (frictionless) rod of length L and weight W rests at equilib-
rium in a smooth (frictionless) semispherical bowl of radius R, where 2R < L < 
4R. Determine the angle θ of equilibrium, and the force F exerted by the edge 
(top) of the bowl on the rod. 

 
 
6. Consider a hydrogen atom consisting of one electron (charge –e, mass m) in a 
circular orbit (radius r, speed v) around a stationary proton. Use as your starting 
point Newton’s law (force equals mass times acceleration) for the electron held in 
orbit by the electrostatic force, 

m v2
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and a condition specifying the quantization of angular momentum 

mvr = n h
2π

, 

where n = 1, 2, 3, … Derive expressions for the Rydberg constant, R, and the Bohr 
radius, a, in terms of m, e, εo, h, and c. 
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7. A spherical capacitor consists of an inner spherical conductor of radius a hold-
ing charge Q, concentric with at outer hollow spherical conductor of radius b and 
holding charge –Q. Between the conductors is a vacuum.  
a) Derive an expression for the capacitance in terms of a, b, and εo. 
b) Show that if d = b – a and d << b, then your expression is consistent with the 
usual equation for a parallel-plate capacitor. 
 
 
 
8. Suppose you measure the diffusion tensor using MRI to be  

34 −12 0
−12 41 0
0 0 25
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Calculate a vector pointing in the direction of the fibers. 
 
 
 
9. Solve the time-independent Schrodinger’s equation and determine the bound 
state energy -E (in this case, there is only one state so there is only one bound-
state energy) for the delta function potential 
  V x( ) = −αδ x( )  . 
Plot the resulting wave function versus x. 
 
 
 
10. A neutron triggers a 92

235U  nucleus to fission into two daughter nuclei plus two 
neutrons.  

n+ 92
235U→ 57

147La+ 35
87Br + 2n  

 
Assume that the two daughter nuclei are held together by the nuclear force until 
their centers are a distance 15 x 10-15 m apart, at which point the nuclear force 
goes to zero and they fly apart because of electrostatic repulsion. Calculate the 
resulting energy released in joules. Estimate the mass difference between the two 
daughter nuclei and the uranium nucleus, in kg. Convert your results to units of 
eV and atomic mass units. Ignore the energy of the incoming neutron, the energy 
of the two neutrons released, and any energy from the radioactive decay of the 
unstable daughter nuclei. Useful information: εo = 8.85 x 10-12 C2/Nm2, µo = 1.26 
x 10-6 Tm/A, e = 1.60 x 10-19 C, me = 9.11 x 10-31 kg, mp = 1.67 x 10-27 kg, c = 3.00 x 
108 m/s, h = 6.63 x 10-34 Js, G = 6.67 x 10-11Nm2/kg2, kB = 1.38 x 10-23 J/K, and 
NA = 6.02 x 1023 molecule/mole.  


